www.e-arm.org cal and functional development of preterm infants, but dysphagia can lead to problems such as nutritional disorders, delayed development, and complications in the respiratory system [6, 7] . The many causes of dysphagia in preterm infants include low birth weight, gastroesophageal reflux, neuromuscular disorders, genetic disorders, and respiratory infections [4, 5, [8] [9] [10] [11] [12] .
Videofluoroscopic swallowing study (VFSS) is the standard diagnostic test for dysphagia [13] . However, its use is limited because of exposure to radiation and the preterm infants' low cooperation. Some studies report signs or symptoms of dysphagia, such as a decreased sucking ability, history of cyanosis or apnea, and desaturation or coughing during feeding [2, 4, [14] [15] [16] [17] [18] [19] . Because of such problems, there are dysphagia screening tests for both adults and children [20] [21] [22] , but there are few for preterm infants.
The early prediction and diagnosis of dysphagia are important for its treatment and to prevent complications. Therefore, we developed the simple and easy-to-use Dysphagia Screening Test for Preterm Infants (DST-PI), based on the reported signs and symptoms of dysphagia in clinical settings.
MATERIALS AND METHODS

Subjects
From March 2013 to February 2016, 52 infants were admitted to a neonatal intensive care unit receiving VFSS due to clinical suspicions of dysphagia. The following cases were included in the study: (1) VFSS performed due to suspicions of dysphagia, such as desaturation or cough during feeding, apnea, or recurrent pneumonia; (2) preterm infants whose gestational age was less than 37 weeks. The following cases were excluded (1) anatomic abnormality, such as a cleft lip or a cleft palate; (2) absence of the initial medical record due to transfer from another hospital. Seven cases were excluded because they were full-term infants, and three had no available initial medical record. This is a retrospective medical record review study that was approved by the Institutional Review Board.
Study methods
Initial assessment items
We selected the initial items from many studies: 'gestational age' [2, 14] , 'the Apgar score at 5 minutes' [23] , 'body weight at birth' [10] , 'history of ventilator usage' [17] , 'history of pneumonia' [5] , 'history of apnea' [19] , 'history of cyanosis during feeding' [15] , 'sucking ability' [3] , 'swallowing pattern' [24] , 'coughs during or after feeding' [19] , 'decreased oxygen saturation (SpO 2 ) within 3 minutes of feeding' [19] , 'vomiting within 5 minutes of feeding' [10] , and 'voice change after feeding' [25] . The assessment items were analyzed by retrospective medical record reviews. 'Gestational age' was categorized into below 32 weeks, between 32 weeks and 34 weeks, and between 34 weeks and 37 weeks. 'The Apgar score at 5 minutes' was divided into less than 7 and more than 7, according to Casey et al. [26] . 'Body weight at birth' was categorized into less than 1,500 g and more than 1,500 g [10] . A 'history of pneumonia' was defined as histories of cough, fever over 38.5 o C, dyspnea, and infiltration according to a chest X-ray examination. 'History of apnea' was assessed by a vital sign monitor to determine whether an infant did not breathe over a period of 15 seconds. 'Sucking ability' was measured through non-nutritive sucking using a pacifier. To assess the 'swallowing pattern,' we referred to the Neonatal Oral-Motor Assessment Scale (NOMAS) swallowing test method where nutritive sucking is observed for 5 minutes. The following sucking patterns were diagnosed to be abnormal: disorganized sucking patterns when the preterm infants showed reduced rhythmicity (arrhythmic sucking pattern) and reduced coordination of sucking, swallowing, and breathing (uncoordinated sucking pattern); dysfunctional sucking patterns when they displayed abnormal jaw and tongue movements [24] . 'Coughs during or after feeding' [13] and 'vomiting within 5 minutes of feeding' [10] were also evaluated. 'Decreased oxygen saturation within 3 minutes of feeding' [19] was determined when SpO 2 decreased to under 90% [19] . For 'voice change after feeding,' we listened for gurgling or other liquid sounds after feeding [25] .
Two rehabilitation doctors participated in the evaluation for inter-rater reliability. Examiner A checked medical histories, and both examiners A and B conducted physical examinations.
Videofluoroscopic swallowing study
We modified the methods of Logemann [13] and New-www.e-arm.org man et al. [5] . Preterm infants were placed on a Tumble Forms Feeder seat at 45 o and radiation was laterally projected. A mixture of barium and milk with a ratio of 1:1 was used. In order to minimize radiation exposure, Xrays were projected for no more than 15 to 30 seconds allowing for one to two swallows. The maximum duration of radiation exposure did not exceed 2 minutes and if an infant showed signs of aspiration prior to those 2 minutes, testing was discontinued. For infants with a lack of sucking ability, we inserted the formula into the mouth using a 1-mL syringe [5] . Examiner A performed the VFSS by the same method on all infants and both examiners viewed the same VFSS images.
Supraglottic penetration was defined as barium passing the laryngeal vestibule but not the true vocal folds, and subglottic aspiration was defined as barium flowing below the true vocal folds [13] . Supraglottic penetration and subglottic aspiration were ascertained by using the penetration-aspiration scale (PAS) which is determined by two factors: (1) the degrees to which material passes through the airway and (2) whether material is removed from the airway [27] .
Item selection
The impact on supraglottic penetration or subglottic aspiration was established by calculating the odds ratio, comparing the initial assessment items, and the VFSS results. All initial assessment items were established as independent variables and the VFSS results as the dependent variable in logistic regression analyses for which the odds ratio, 95% confidence intervals, and p-values were calculated. Among the initial assessment items, those with 1.0 or higher odds ratios and p-values <0.1 were selected as the final items.
Statistical analysis
Cutoff values, sensitivity, specificity, and the area under the receiver operating characteristic (ROC) curve (AUC) of the DST-PI were calculated in a ROC curve analysis. For inter-rater reliability, we used the kappa coefficient. According to the VFSS results, the preterm infants were divided into three groups: (1) those who did not show supraglottic penetration or subglottic aspiration, (2) those who displayed supraglottic penetration, and (3) those who exhibited subglottic aspiration. The total DST-PI scores of each group were analyzed by analysis of variance (ANOVA) and Tukey post-hoc test. The correlation between the PAS and total scores was determined using the Spearman correlation coefficient. SAS ver. 9.3 (SAS Institute Inc., Cary, NC, USA) was employed for all statistical analyses.
RESULTS
Among the numerous reasons of requesting VFSS for the 42 preterm infants (24 males, 18 females), decreased SpO 2 was the highest with 36 cases. Four cases were requested due to suspicion of aspiration pneumonia and two to remove a feeding tube. The average gestational age was 31 weeks 1 day±2 weeks 5.6 days. Twenty-eight infants (66.7%) were born before 32 weeks, 7 (16.7%) between 32 and 34 weeks, and 7 (16.7%) between 34 and (Table 1) . Among the 42 preterm infants, 20 were diagnosed with supraglottic penetration and 9 with subglottic aspiration.
As for the odds ratios with regard to supraglottic penetration or subglottic aspiration of the initial assessment items, 'decreased oxygen saturation within 3 minutes of feeding' was the highest at 11.57. 'Sucking ability,' 'vomiting within 5 minutes of feeding,' 'the Apgar score at 5 minutes,' 'body weight at birth,' 'history of ventilator usage,' and 'history of pneumonia' were not statistically significant with p-values greater than 0.1 ( Table 2) . We selected items with odds ratios greater than 1.0 and pvalues less than 0.1 as the final assessment items. These final items were quantitatively assigned, their odds ratios compared, and their scores added up to 10 ( Table 3) .
The sensitivity and specificity of the DST-PI at 3.25 points were 96.6% and 76.9%, and at 6.25 points 88.9% and 75.8%, respectively. The AUC was 0.942 (confidence interval, 0.853-1.000), which indicates a high validity. The average total scores were 2.38±1.77 for group 1, 6.21±2.02 for group 2, and 8.20±1.68 for group 3, statistically significant with p<0.05. The Spearman correlation coefficient between total scores of all preterm infants and the PAS was statistically significant at 0.807 (p<0.001). As for inter-rater reliability, the kappa coefficients for 'swallowing pattern,' 'coughs during or after feeding,' 'decreased oxygen saturation within 3 minutes of feeding,' 'voice change after feeding,' and the VFSS report were 0.869, 1.000, 1.000, 0.757, and 0.883, respectively, all with statistically significant p-values <0.001.
DISCUSSION
Many studies reported that the symptoms of aspiration are more common in preterm infants than in full-term www.e-arm.org infants [4, 5] . Dysphagia is due to preterm infants' immaturity and supraglottic penetration can increase the risk for subglottic aspiration [28] . According to the results of Uhm et al. [35] and Bae et al. [2] , 40.0% and 72% of preterm infants showed signs of aspiration, respectively, while the ratio was 69.0% in this study. 'Coughs during or after feeding,' 'decreased oxygen saturation within 3 minutes of feeding,' and 'history of apnea' were highly related to dysphagia, consistent with the studies that reported statistical significance for 'gestational age,' 'history of cyanosis during feeding,' 'swallowing pattern,' and 'voice change after feeding. ' In the study of Lee et al. [15] , cyanosis with coughs during feeding displayed a higher statistical significance with aspiration than in our study. Delzell et al. [29] reported that aspiration is associated to a low degree with decreased oxygen saturation; however, there was a high correlation between dysphagia and 'decreased oxygen saturation within 3 minutes of feeding' in this study, as also found by Roger et al. [30] .
There is a report that indicates a higher frequency of dysphagia of preterm infants born before 32 weeks of gestational age [14] . However, according to Bae et al. [2] , preterm infancy with birth before 34 weeks highly affects aspiration. Preterm infants born before 32 weeks were at a higher risk of dysphagia compared to those born after 32 weeks in this study. We suggest that this variation occurred, because maturation of deglutition takes place between 32 and 34 weeks of gestation [14, 31] .
A disorganized sucking pattern is reported more often in preterm infants than dysfunctional sucking [31] , which corresponds with our study that included 7 preterm infants with a disorganized sucking pattern and three with a dysfunctional sucking pattern.
The items 'Apgar score at 5 minutes,' 'body weight at birth,' 'history of ventilator usage,' 'history of pneumonia,' 'sucking ability,' and 'vomiting within 5 minutes of feeding' were not statistically significant.
Casey et al. [26] reported that the Apgar score was related to mortality and Simbron et al. [23] stated that 'the Apgar score at 5 minutes' was related to dysphagia. However, corresponding associations were not statistically significant in this study, indicating that the differences in the diagnostic method of the swallowing difficulty are irrelevant. We diagnosed dysphagia through VFSS, whereas Simbron et al. [23] scrutinized abnormal swallowing patterns for this purpose.
Lee et al. [10] reported that dysphagia was more frequent in infants with a very low birth weight, but this relationship was not statistically significant in our study. The subjects were different compared to those described in Lee et al. [10] who displayed desaturation at a gestational age of under 28 weeks. Rommel et al. [8] reported that preterm infants with birth weights under the 10th percentile according to gestational age showed a higher dysphagia frequency for. However, we could not observe this, due to the small number of subjects under the gestational age's 10th percentile.
Greenough and Milner [34] reported that pneumonia, which occurred in 10% of preterm infants, was more affected by underlying medical diseases than by dysphagia. We considered that the risk of aspiration pneumonia may www.e-arm.org be decreased by defense mechanisms. Oral food intake and proper oral stimulation aid infant development. There are reports that intubation interrupts the development of the swallowing function [17, 33] . We assumed that a 'history of ventilator usage' affected dysphagia, but no relationship could be detected. Investigating medical records, periods of ventilator usage were short and none of the preterm infants used one when testing with VFSS.
Rosenbek et al. [27] developed the PAS to determine supraglottic penetration and subglottic aspiration for stroke patients, but Lee et al. [15] applied it to infants. The subjects differed in these studies and this investigation added preterm infants to the list. We found a relationship between total scores of the DST-PI and the PAS using the Spearman correlation coefficient.
Associated diseases were investigated retrospectively through medical records, but there was a limitation due to missing information about disease duration and severity. Large randomized, controlled, and prospective studies are needed to confirm the benefits of the DST-PI.
The sensitivities of the Toronto Bedside Swallowing Screening Test (TOR-BSST) and the Gugging Swallowing Screen (GUSS) which are known as dysphagia screening tests for stroke patients, were 91.3% and 100.0%, respectively [20, 21] . The sensitivity of the DST-PI was 96.6% at 3.25 points. Although the subjects were different compared to the TOR-BSST and GUSS studies, the DST-PI is considered to be useful in a clinical setting. The examination is easy to perform and there is no exposure to radiation as with the VFSS. It is notable that the DST-PI prevents complications, such as pneumonia or developmental delays, by early screening for dysphagia.
